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(54) IVIethod and apparatus for controlling firing energy in an Inkjet printer 



(57) A method and apparatus for controlling firing 
energy in an Inkjet printer are embodied in a control cir- 
cuit (300) and a regulated pen voltage source (400) for 
an inkjet printer pen (104). The control circuit (300) in- 
cludes switches (304) connected between the nozzle re- 
sistors (302) of the pen (1 04) and a low voltage rail. The 
control circuit (300) is configured to control the voltage 



across the switches (304) within a known tolerance, in- 
dependent of variations in the switch current, integrated 
circuit process variations, tennperature variations, and 
variations in the resistances of the nozzle resistors 
(302). The voltage provided to each nozzle resistor 
(302) by the pen voltage source (400) is adjusted to 
connpensate for changes in the voltages across the 
switches (304). 
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Description 

(000,1 The pres« In^nlon »«es generall, «. . m*=d and .p«r.,u. <o, c„^^^^^^ fl*g enow i™ a P*.er, 

[0002] Thermal inkjet printers employ nozzle resistors lo iire arop delivered to a nozzle resistor 

provided to each nozzle reslstorto properly f.re d^oP^ °[ L^opTthl vSJy o^^^^^^^ may be too low. 
"s too low. there may not be enough heat generated to eject an drop, °r he veW ^^^^^^^^ 

Loard\ 02. an inK^t pen 1 04. an 'nterconnecting cab-^^^^^^^^^^^^^ 3^,,,, pen 

1 06. An exemplary preferred electronics board 1 02 ""^^^ forturning nozzle currents on and off. 

voltage and a pen driver integrated circuit (IC) lUconte.^^^^^^ 

[0004] When the driver switches are turned on. e'eclncalcurent f low«f rom We^^^^^^^^ 

he cable 106. through the nozzle resistors in the pen ^"'^^^^f "^^^^^^^^^^ each of them. For 

the pen voltage supply. Since none of these ^°'^P°"«'^^^^;; 'f^^^'J^'^^^^^^^^^ current flows through 

instance, switches of the pen drK,er IC ^^^^--^--f^^^^^^ In further losses. Since 

reSSefarT^rracrrn^^^^^ 

supply. RseHo. represents the series -^^^^^f^ "^^^^^^^^^^^^^^ sw.ch isclosed. 

~:^rduTrtrets:r^^^^^^^^^ 

schematic of FIG. 2. are calculated as follows: 



30 /Vs..„„h/ - V 

^Rre 



V Rseries + "Pen 
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40 



ma .ollage acros. both resBlances «daa by th. sum "° * aZod. ih otha, »o,ds. il 

';%T5:"a.r™^I rr»3,«t.S'raraX ^^ih.,,. e,u»™^n„ol.sda*«h,a, ah.«,adan,a.». 
S^r's;SS'^«.a*ap.an.aaaa.a^^^^^^^ 



Eq. 1 : Variation in cun^ent = Ai = A(Vsupp,y - 

Vswitch) = AVswitch * (Vswteh ' (^Supply " Vswitch))' 



50 



.,ere "A" indicates a percent variation In the corresponding vaU.e. For instance^ W^^^^^^^^ 
Vsw«c.. Vsw^c / (Vsupp. -/swj;c.) would be 0.25 Xar >^ri^^rv:r^O% 
current. By way of example, where Vsuppiy 's i2.o vons ana vgwitch 



55 Variation In current = AI = 30% * (1 .3 / 

(12.0- 1.3)) = 3.6%. 
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[0008] Recall that variation (or tolerance) in the energy delivered to the pen is twice the variation in current since 
energy Is proportional to the current squared. Therefore, the energy tolerance due to the switch voltage tolerance is 
doubled to 7.2%. By itself, this is already in violation of the specified limits for some Inkjet pens. An understanding of 
each of the parameters in the electrical schematic of FIG. 2 would be useful to the end of tightening all of the tolerances 

5 as much as possible. With respect to the switches in the pen driver IC 114 (FIG. 1), it would be useful to be able to 
accurately characterize the voltage drop across the switches for improving the accuracy in delivered energy. 
[0009] Past architectures have attempted to solve this problem by making the switch voltage drop as small as pos- 
sible. In practice, these switches are transistors (field-effect or bipolar) that are designed to have very low resistance 
and voltage when they are turned on. By making this voltage very small, the overall error contributed by the switch 

10 voltage drop is less (see Equation 1). However, ir^plementing such very low on-resistance transistors in an integrated 
circuit requires that the transistors occupy a relatively large area of the silicon die. When many of these transistors are 
contained on the same die (which is usually the case with typical pen driver ICs), the area of the die can become fairly 
large, resulting in increased cost for the IC. For instance, to reduce the on-resistance between the drain and source 
(f^DSon) 0^ 3 effect transistor, many small transistors are connected in parallel to fomn a compound transistor such 

15 that the overall channel resistance reduction is proportional to the number of individual transistors used. The Roson 
these transistors in typical pen drivers Is kept small enough that, when current passes through the switch, the voltage 
drop is small enough to yield an acceptable variation in energy. Notwithstanding, there remains a need for a method 
and apparatus for firing energy control in a printer that maintains an acceptable tolerance for the voltage drop across 
the driver transistors to precisely control the amount of energy provided to the nozzle resistors while keeping the size 

20 of the driver transistors relatively small. 

[0010] The present invention seeks to provide improved printing. According to an aspect of the present invention 
there is provided apparatus for controlling the firing energy in an Inkjet printer as specified in claim 1. 
[0011] The preferred embodiments provide a method and apparatus for controlling firing energy in an Inkjet printer 
reduces energy errors induced by the voltage drop across the switch by first accurately characterizing this voltage 

25 drop. Since the voltage drop across the switch is well characterized, the pen voltage can be increased to compensate 
for this loss (i.e. Vsuppiy - ^switch 's kept constant by increasing the supply voltage by an amount equal to the switch 
voltage drop). The firing energy control implementation of the preferred embodiments keeps the voltage across the 
pen and current well characterized; and the energy delivered to the pen is therefore controlled more accurately. Addi- 
tionally, the firing energy control implementation can facilitate the employment of a driver IC with smaller driver tran- 

30 sistors which results in space and cost savings in the driver IC. 

[0012] The preferred embodiments exploit the fact that, for accurate energy control, the voltage drop needs to be 
well characterized, but does not necessarily need to be small. Even if the voltage drop across the switch Is large, if the 
tolerance of the voltage drop is tight, the contributed energy fluctuations may still be kept small by employing the pen 
voltage supply to compensate for this known voltage drop across the switch. In an exemplary preferred embodiment, 

35 this is accomplished by operating the switching transistors just outside the saturation region and using a voltage monitor 
to control the switch voltage drop. 

[0013] A method for controlling firing energy in an Inkjet printer in accordance with one embodiment of the present 
invention includes the steps of: controlling a voltage across a low side driver which is electrically connected to a nozzle 
resistor of an Inkjet printer pen; and adjusting a pen supply voltage which is electrically connected to the pen to com- 

40 pensate for changes in the voltage across the low side driver 

[001 4] A method for controlling firing energy in an Inkjet printer In accordance with another embodiment of the present 
invention includes the steps of: controlling a switch voltage across a switch which is electrically connected to a nozzle 
resistor of a printer pen; and adjusting a pen supply voltage which is electrically connected across the pen and the 
nozzle resistor to compensate for changes in the switch voltage. 

45 [0015] Preferred apparatus for controlling firing energy In an Inkjet printer in accordance with another embodiment 
of the present invention includes: an Inkjet pen including a nozzle resistor; a control circuit including a switch electrteally 
connected between the nozzle resistor and a low voltage rail, the control circuit being configured to control a switch 
voltage across the switch; and a regulated pen voltage source which provides a pen voltage to the nozzle resistor, the 
pen voltage being adjusted to compensate for the voltage drop across the switch, 

50 [0016] An embodiment of the present invention is described below, by way of example only, with reference to the 
accompanying drawings, in which: 

FIG. 1 shows a control electronics/inkjet pen system suitableforemploylngthe method and apparatus for controlling 
firing energy in a printer according to the present invention; 
55 FIG. 2 is an electrical schematic representation of the system of FIG. 1 including non-ideal parameters which 

contribute to errors in energy delivered to the pen; 

FIG. 3 is an electrical schematic of an exemplary preferred nozzle resistor firing control circuit; and 
FIG. 4 is an electrical schematic of an exemplary preferred voltage regulator circuit. 
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304. an error amplifier 306, a 

preferred switch 304 corrnprises a low sjde ^^^J^^^Z^'^^l^^^^ 
FET) junction field-effect^ransistor {JFET^ bipo^rtra^^^^^^ 

are preferred for the switch 304 however high s.de "l"- ^^^^^^^^^^ ^ , J„g tHe gate of the sWrtching FET 304 

100181 When the firing pulse (des^nated by T^^^^^^^ 

is enabled and the FET 304 .s switched on. ^^^^^^ .^uage reaches the reference voltage (V^e,). the 

(Rp 302. and the switch voltage (Vs„i,ch) ^^^^'""^Z '^-^^lo^os to turn off (its channel resistance increases). 
L'pli of the error amplifier 306 is -^"f *;^3"J,f .^^^^^^^^ to sinK enough current to keep tf.ese two 

When Vswnch gets very close to Vpe,. the FET 304 ^ J because the FET 304 does not allow that 

vo.tages've'^ close together. Vswu* -"^^ f^^^i^J^^^^^ on Tnd therefore never operates in the satu^.on 

Uer ICS Since the number of r,ozz.es dnven s^u«^^^^^^^^ 

the excess heat. The R^son ot the circuit 300 is designed such that the worst 

and materials. In an exemplar/ P'^'^^^^'.^'f''^^^'''^^^^ to saturate under worst case operating condrt.ons. 

case IC (i.e. the one with the highest P°^^'^l^ J^^^^^^^ the switch voltage down to the target vo tage. 

This allows the Roson to be as high - P^^^J^^^^^^^^^ silicon area as possible, so the IC cost is ept low. 

l»-ra:;»^^^^^^^^^^^^ 

control is used. For instance, if the voltage drop .s set ^J^J^^^^^^^^ t.^mnal dissipation is not a problem^ 

Roson can be as high as 6.00 as '^^^ f ^f^^/"^^^^^^^ achievable. If the pen supply voltage is 1 2.0 

A^tage tolerance of as little *^0°/°if ^J^j^ oTe energy error caused by the voltage vanat.on .n 

volts, the resulting current variation is ±14 /. (refer to Eq^ U an open-loop FET switch (,. 

this scenario would be doubled to 2.8%. To achieve the same t'Sni er^ ay Typically, a switching 

ToTZZ.^ control), the FET would ™^ so the maximum R^son of 

FET in this application will have ^l^''^" 3^;^° ^ the area on the silicon die as the 60 resistor 

an open-loop FET would have to be about 1 .20. JJ^^ '^''"'^^^^^ ^^p.^ys extra circurtry to perfom. the vottage 
in the closed-loop, non-saturated fy^*^'"^;^^^/";;"^"^^^^ high current switching transistors, 

monitoring and control, this control circuitry is very ™ ^'J^^^J'^^i united to the foregoing nozzle resistor firing 
^0021] tt Should be understood that the P""=:P'f ^^"J^^^^"^^^^^^^ drop across the switch, the value o^ 

energy control implementation. For ^^^^^'l^l'^l^'^^^^^^^ simultaneously, the resistance of the FET 

RdJo itself can be monitored. By this resistance constant. Either way. feedback 

to^o% FIG. 4 Shows an exernpla^ preferred ''near voltage^egu^^^^ 

vcJtage regulator circuit 400 provides an accurate supply v^tege J^pen) * ^^^^ 0, an error amplifier 412 



circuit 400 

45 VpEN = (Vref ^ -F^2)/R2) + ((R1/R3) X (Vrep-V^dj)) 
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0dlrJU-<)rt»«tM pens slnoo tight enewo'^"''^^^ 

are selectivelyf ired using the low side d^-vertransistos^ A typical inKje p y ^^^^ ^ .^^^ transistors « 

of 30% or more resulting in driving current J-a- °- P^^^^^^^^ Eas a "preset voltage", e.g.. 1 -5 volts, across it that -s 
controlled such that each driver (when ^^'^ ^^^of^^^^^^^ current variation for the driveis, some vanat.on 

re"v:ra=t^^^^^^^^^ 
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some small variation is acceptable. By employing the feedback controller 300 of FIG. 3 to stabilize the driver voltage, 
the voltage can be controlled to within better than 10% percent even though the current varies by much more. 
[0025] The "on-voftage" across the switches 304 (when they are on) must be selected carefully. If the voltage is too 
low, the low side driver transistors must be very large (i.e. require a large area of silicon) in order to have a sufficiently 

5 low on resistance to achieve the low voltage while driving the high currents required by typical Inkjet pens. If the voltage 
is set too high, the transistors heat up while driving the nozzle resistors due to excessive power dissipation since the 
current through the transistor is large as Is the voltage across It (power = voltage * current). In either case (voltage too 
high or too low), the cost of the pen driver IC increases substantially. In the first case^ the silicon die must be larger to 
accommodate the larger transistors required to achieve low on resistance. In the second case, a more expensive IC 

10 package would be required to dissipate excess heat generated by the targe voltage drop while the nozzle resistor 
current is flowing. 

[0026] Preferably, the on voltage is sufficiently low to set the power dissipation just within the acceptable limits of an 
inexpensive IC package, yet sufficiently high to allow the drive transistors to have larger (yet acceptable) on resistances, 
yielding less silicon area required per transistor. An acceptable range of on voltages varies depending upon the silicon 
15 process of the IC and other system parameters. 



Claims 

20 1 . Apparatus for controtltng the firing energy in an Inkjet printer, comprising: 
an Inkjet pen (104) including a nozzle resistor (302); 

a control circuit (300) including a switch (304) electrically connected between the nozzle resistor (302) and a 
low voltage rail, the control circuit (300) being configured to control a switch voltage across the switch (304); and 
25 a regulated pen voltage source (400) which provides a pen voltage to the nozzle resistor (302), the pen voltage 

being adjusted to compensate for the voltage drop across the switch (304). 

2. Apparatus as claimed in claim 1 , wherein the control circuit (300) is an integrated circuit. 

30 3. Apparatus as claimed in claim 1 or 2, wherein the control circuit (300) is configured to control the switch voltage 
such that the switch (304) operates in a non-saturated mode. 

4. Apparatus as claimed in claim 1 , 2 or 3, wherein the control circuit (300) includes a feedback loop. 

35 5. Apparatus as claimed in any preceding claim, wherein the control circuit (300) is configured to receive a nozzle 
firing pulse. 

6. Apparatus as claimed in any preceding claim, wherein the control circuit (300) is configured to prevent the switch 
voltage from drifting past a reference voltage such that the switch (304) will retain an ON resistance sufficiently 

40 low to drive an amount of current through the nozzle resistor (302) which is sufficiently large to fire the pen (1 04). 

7. Apparatus as claimed in claim 6^ wherein the reference voltage is set sufficiently low to prevent an amount of power 
dissipation by the switch (304) in excess of a predetermined amount. 

45 8. Apparatus as claimed in any preceding claim, wherein the switch (304) is a transistor or a low side driver transistor. 

9. A method of controlling the firing energy in an Inkjet printer including the steps of: controlling a voltage across a 
low side driver which is electrically connected to a nozzle resistor (302) of an inkjet printer pen (1 04); and adjusting 
a pen supply voltage which is electrically connected to the pen (104) to compensate for changes in the voltage 

50 across the low side driver. 

10. A method of controlling the firing energy in an inkjet printer including the steps of: controlling a switch voltage 
across a switch (304) which is electrically connected to a nozzle resistor (302) of a printer pen (1 04); and adjusting 
a pen supply voltage which is electrically connected across the pen (104) and the nozzle resistor (302) to com- 

55 pensate for changes in the switch voltage. 
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